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Abstract
We analyze the results of recent measurements of Galactic cosmic ray (GCRs) energy spectra and the spectra of
nonthermal emission from supernova remnants (SNRs) in order to determine their consistency with GCR origin in
SNRs. It is shown that the measured primary and secondary CR nuclei energy spectra as well as the observed positron-
to-electron ratio are consistent with the origin of GCRs up to the energy 1017 eV in SNRs. Existing SNR emission
data provide evidences for efficient CR production in SNRs accompanied by significant magnetic field amplification.
In some cases the nature of the detected γ-ray emission is difficult to determine because key SNR parameters are not
known or poorly constrained.
Keywords: acceleration of particles, cosmic rays, ISM: supernova remnants
PACS: 95.85 Nv, 95.85 Pw, 95.85 Ry, 98.38 Mz, 98.38 Am
1. Introduction
Supernova remnants (SNRs) are considered as a main
cosmic ray (CR) source. They are able to support a con-
stant density of the Galactic cosmic ray (GCR) popu-
lation against loss by escape, nuclear interactions and
ionization energy loss. The mechanical energy input to
the Galaxy from each supernova (SN) is about 1051 erg
so that with a rate of about one every 30 years the total
mechanical power input from supernovae is of the order
1042 erg/s (e.g. [1, 2]). Thus supernovae have enough
power to drive the GCR acceleration if there exists a
mechanism for channeling about 10% of the mechani-
cal energy into relativistic particles.
An appropriate acceleration mechanism is known
since 1977 [3]. This is so called regular or diffu-
sive shock acceleration process. The strong shock pro-
duced by high velocity ejecta expanding into the am-
bient medium pick up a few particles from the plasma
flowing into the shock fronts and accelerate them to high
energies.
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The theory of particle acceleration by the strong
shocks associated with SNRs at present is sufficiently
well developed and specific to allow quantitative model
calculations (e.g. see [4, 5, 6, 7, 8] for reviews). The-
oretically progress has been due to the development of
the kinetic nonlinear theory of diffusive shock acceler-
ation [9, 10, 11, 12, 13]. The theory consistently in-
cludes the most relevant physical factors, essential for
SNR evolution and CR acceleration, and it is able to
make quantitative predictions of the expected properties
of CRs produced in SNRs and their nonthermal radia-
tion.
There are also strong theoretical and observational
reasons, that argue for a significant amplification of the
magnetic field as a result of the pressure gradient of the
accelerating CRs, exciting instabilities in the precursor
of the SNR shock. The most important consequence of
magnetic field amplification in SNRs is the substantial
increase of the maximal energy of CRs, accelerated by
SN shocks, that presumably provides the formation of
GCR spectrum inside SNRs up to the energy 1017 eV.
Considerable progress have been achieved during the
last years in experimental determination of GCR spectra
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and spectra of nonthermal emission of SNRs. To empir-
ically confirm that the main part of GCRs indeed orig-
inates in SNRs one has to check the consistency of the
theoretical expectations with the observed properties of
GCRs and nonthermal emission of SNRs.
Here we analyze the existing data especially those
obtained in recent experiments PAMELA, Fermi and
AMS-02 together with observational results of nonther-
mal emission of SNRs in order to check their consis-
tency with GCR origin in SNRs.
2. Production of CRs in SNRs
Acceleration of CRs in SNRs starts at some relatively
low energy when some kind of suprathermal particles
begin to cross the SNR shock front. Any mechanism
which supply suprathermal particles into the shock ac-
celeration is called injection.
Some small fraction of the postshock thermal gas par-
ticle population are able to recross the shock that means
the beginning of their shock acceleration. This is the
most general and the most intense injection mechanism.
It occurs for all kind of ions and electrons existing in
the interstellar medium (ISM) and therefore it is rele-
vant for primary CRs only. The corresponding injection
rate is determined by the number of particles involved
into the acceleration from each medium volume crossed
the shock and by the momentum of these particles [9]:
Ninj = ηNe1, pinj = λmcs2. (1)
Here Ne is the number density of considered elements
in ISM, cs is the sound speed, the subscripts 1(2) re-
fer to the point just ahead (behind) the shock. Typ-
ical values of the dimensionless injection parameters
which provide CR production with required efficiency
are η = 3 × 10−4 and λ = 4. Since positrons, antipro-
tons and nuclei Li, Be, B are not represented in the ISM
secondary CRs can not be produced due to such an in-
jection.
Kinetic energy of all kind of GCR particles is con-
siderably larger then the energy of gas particles injected
from the postshock thermal pool. Therefore all GCRs
which meet the expanding SNR shock are naturally in-
volved into the diffusive shock acceleration. CR accel-
eration due to this second relevant injection mechanism
is usually called ”reacceleration”.
Since GCR energy spectra are relatively steep and
have a peak at kinetic energy k = GCR ∼ 1 GeV their
injection parameters can be represented in the form
Ninj = NGCR, pinj = pGCR, (2)
where NGCR is the total number of GCR species per unit
volume and pGCR is their mean momentum, that corre-
sponds to GCR.
Primary nuclei during their acceleration inside SNRs
produce secondary nuclei in nuclear collisions with the
background gas like GCRs do it in the Galactic disk. Es-
sential fraction of these already energetic particles has
possibility to be involved in further shock acceleration.
This is the third mechanism of CR production inside
SNRs. For the first time it was studied to describe the
formation of secondary CR nuclei spectra [14].
Secondaries with momentum p are created through-
out the remnant, everywhere downstream and upstream
of SNR shock up to the distances d ∼ lp(p′) of the order
of the diffusive length lp(p′) of their parent primary CRs
with momentum p′ > p. Essential part of these parti-
cles are naturally involving in the acceleration at SNR
shock. It includes all the particles created upstream and
the particles created downstream at distances less than
their diffusive length ls(p) from the shock front. Since
diffusive length l ∝ κ(p) ∝ p is increasing function of
momentum for the Bohm type diffusion coefficient κ(p)
which is realized during efficient CR acceleration in
SNRs the spectrum of secondary CRs for the first time
intersecting the shock front is very hard Ninj(p) ∝ p−1
within wide range of their momenta p. This makes the
secondary particle spectra Ns(p, t), produced in SNR,
harder compared with the spectra of primaries Np(p, t).
The SNR efficiently accelerates CRs up to some max-
imal age TSN≈ ∼105 yr when SNR release all previ-
ously accelerated CRs, primaries and secondaries, with
the energy spectra Np(k,TSN) and Ns(k,TSN) respec-
tively, into surrounding ISM. Here k is the particle ki-
netic energy. These CRs released from SNRs together
with secondary CRs produced in ISM form the total sec-
ondary ns(k) and primary np(k) CR populations. At
sufficiently high energies the s/p ratio of nuclear com-
ponent within simple leaky box model is given by the
expression [14]
ns
np
=
n′s
np
+
Ns
Np
, (3)
where n′s(k) represents the spectrum of secondaries pro-
duced in nuclear collisions of primary CRs within the
Galactic disk. It is approximately given by the expres-
sion [14] n′s/np = σx/mp, where x = ρvτesc is the escape
length which is the mean matter thickness traversed by
GCRs in the course of their random walk in the Galaxy,
ρ is the ISM gas density, τesc(k) is the CR escape time
from the Galaxy, mp is the proton mass, σ is the crossec-
tion of secondary CRs production.
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At sufficiently high energies the s/p ratio ns/np ≈
Ns/Np is determined by the ratio Ns/Np produced in the
SNRs independently on the propagation model. The
same is true for positron to electron ratio even though
electrons are not the parent particles for positrons.
The rigidity spectrum of primary CRs accelerated by
strong SNR shock within the test particle limit has a
pure power law form Np ∝ R−γ, which extends up to
some maximal value Rmax, with power law index γ ≈ 2.
Here R = pc/(Ze) and Z are the rigidity and the charge
number of CR particle respectively, c is the speed of
light, e is the proton charge. In the case of efficient CR
injection/acceleration which takes place at the expected
proton injection rates η  10−5 the shock transition be-
comes modified due to CR backreaction. The spectrum
of CRs accelerated by the modified shock is not a pure
power law, it has a concave shape so that it becomes
progressively flatter at higher rigidity: at low energies
R  Ri Np ∝ R−γl with γ1 > 2 whereas at high energies
Ri  R < Rmax Np ∝ R−γh with γh < 2. The deviation
from the pure power law spectrum depends on the shock
strength so that at early SNR evolutionary epoch γ1 can
be as large as γ1 = 3 and γh can be as small as γh = 1.8.
The transition region from the steepest part of CR spec-
trum to its hardest part takes place at Ri ∼ 100mpc2/e or
at the energy i ∼ 100Zmpc2.
Since the CR residence time within the Galactic con-
finement volume (or the mean escape time of CRs from
this volume) is expected to have power law dependence
on CR rigidity τesc ∝ R−µ the spectrum of primary GCR
spectrum np ∝ τescNp remains concave.
The spectrum of secondary GCRs, ns(R), consists of
two parts. Its low energy part produced in nuclear col-
lisions of primary CRs with ISM nuclei is very steep
ns(R) = n′s(R) ∝ τesc(R)np(R) whereas its high en-
ergy part, dominated by the SNR contribution, is ex-
pected to be even harder then the primary GCR spec-
trum. Therefore the secondary GCR spectra are ex-
pected to be considerably more concave compared with
the primary GCR spectra. As a consequence the rigid-
ity dependence of s/p ratio should have also the concave
form.
There are strong theoretical reasons [15, 16, 17, 18]
and observations of correspondingly sharp X-ray syn-
chrotron filaments in e.g. SN 1006 [19, 20], that ar-
gue for a significant amplification of the magnetic field
as a result of the pressure gradient of the accelerating
CRs, exciting instabilities in the precursor of the SNR
shock [22, 23]. However, as yet there does not exist
a convincing dynamical equation for the resulting field
amplitudes (for hybrid simulations and a most recent ar-
gument regarding large-scale field generation, e.g.[24]).
Therefore, field amplification is not directly contained
in the form of a kinetic wave equation in the existing
nonlinear theory. The effective upstream field amplitude
in the precursor B0(t) at the current epoch t is rather de-
termined as a result of the best fit of the calculated to the
measured spatially integrated synchrotron spectrum.
The strength of amplified upstream magnetic field
B0(t) varies according to the empirical relation [25]
B20/(8pi) = 2.5 × 10−4ρV2s . (4)
The most important consequence of magnetic field
amplification in SNRs is the substantial increase of
the maximum energy of CRs max, accelerated by SN
shocks. Cutoff energy of CRs accelerated at any given
SNR evolutionary stage is determined by geometrical
factors and its value can be presented in the form [26]
m ∝ ZB0RsVs, (5)
where Rs and Vs are the shock radius and speed respec-
tively. Therefore the upper (cutoff) CR energy during
the Sedov evolutionary phase where the main part of
CRs are produced varies as m ∝ t−4/5. The maximal
CR energy max = max{m(t)} ∝ V0R0B0(t0) is produced
at the beginning of the Sedov phase t ≈ t0 [26]. Mag-
netic field amplification in typical SNR provides max-
imal energy for protons max ≈ 3 × 106mpc2 that is re-
quired condition to reproduce the spectrum of GCRs up
to the knee energy [27].
The most general properties of CR acceleration in
SNRs – concave CR rigidity spectra, concave s/p ratios,
time dependence of the CR cutoff energy m(t) – briefly
described in this section play primarily important role
when one analyze the consistency of existing data with
GCR origin in SNRs.
3. Primary GCRs
The intensities of protons, Helium, three groups of
heavier nuclei, and ”All particles” as a function of ki-
netic energy calculated within kinetic nonlinear theory
[27] are presented in Fig. 1 (see also [28] for a simi-
lar consideration). The values ESN = 1051 erg for the
explosion energy, Mej = 1.4M for the ejecta mass,
TSN = 105 yr for the active SNR age and τesc ∝ R−µ,
with µ = 0.75 for the escape time were used here. One
can see that the theory fits the existing data in a sat-
isfactory way up to the energy k ≈ 1017 eV. This is
especially true if one considers the difference between
the CAPRICE and ATIC-2 experiments from one side
and AMS-02 and PAMELA experiments from the other
side as a measure of actual experimental uncertainty in
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Figure 1: GCR intensities at the Solar system as a function of kinetic
energy. Experimental data obtained in the CAPRICE [29], AMS 02
[30] PAMELA [31], ATIC-2 [32], JACEE [33] and KASCADE [34]
experiments are shown as well.The calculated curves were normalized
to the ATIC-2 data at k > 1 TeV
these experiments. Therefore it is not so clear whether
the Helium spectrum is indeed so noticeably harder than
the proton spectrum as measured in the ATIC-2 balloon
experiment.
The difficulty for the present theory is the fact that, in
order to get consistency with the observed GCR spectra,
a strongly energy dependent escape time τesc ∝ R−µ with
µ = 0.75 is needed, which is beyond the experimentally
determined interval µ = 0.3 − 0.7 [2]. It is not clear at
the moment whether or not CR escape from the Galaxy
can be so strongly energy dependent.
The calculation predicts concave spectra at energies
k > 10Z GeV for individual CR species and there is
some experimental evidence that the actual proton GCR
spectrum is indeed concave. It is difficult to conclude
whether Helium and heavier nuclei energy spectra have
also concave shape. One needs more precise measure-
ments at  > 104 GeV in order to be able to arrive at a
more stringent conclusion. At the same time the calcu-
lated all-particle spectrum has almost a pure power law
form up to the knee energy (see Fig. 1).
According to Fig. 1 the knee in the observed all-
particle GCR spectrum has to be attributed to the maxi-
Figure 2: Calculated antiproton-to-proton ratio as a function of en-
ergy [35] together with PAMELA [38] data. Dotted and dashed lines
correspond to spectra of antiprotons created in p-p collisions in ISM
[39] and inside SNR respectively, the dash-dotted line corresponds to
the spectrum of antiprotons reaccelerated in SNRs, the solid line rep-
resents the sum of contributions of all these processes.
mum energy of protons, produced in SNRs. The steep-
ening of the all particle GCR spectrum above the knee
energy 3 × 1015 eV is a result of the progressively de-
creasing contribution of light CR nuclei with increas-
ing energy. Such a scenario is confirmed by the KAS-
CADE experiment which shows relatively sharp cut-
offs of the spectra of various GCR species at energies
max ≈ 3Z × 1015 eV [34], so that at energy  ∼ 1017 eV
the GCR spectrum is expected to be dominated by the
contribution from the iron nuclei.
One can conclude that the existing measurements of
primary GCR nuclei are generally consistent with their
origin in SNRs.
4. Secondary GCRs
The antiproton-to-proton ratio p¯/p = n p¯(k)/np(k)
as a function of kinetic energy, calculated within kinetic
nonlinear model [35], together with PAMELA data are
shown in Fig. 2. It is seen that antiprotons for ener-
gies k < 10 GeV are produced in SNRs equally ef-
fectively by two mechanisms inside SNRs whereas for
k > 10 GeV the creation of antiprotons in p-p colli-
sions and their subsequent acceleration – both inside the
SNRs – become dominant. In total the antiproton pro-
duction in SNRs makes the energy dependence of p¯/p
considerably more flatter so that at k ∼ 103 GeV the
ratio becomes larger by a factor of about five. Within
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Figure 3: Calculated boron-to-carbon ratio as a function of kinetic
energy per nucleus together with the results of HEAO-3 [41], ATIC-
2 [42], CREAM [43], RUNJOB[44] and AMS-02 [45] experiments.
Dotted line corresponds to spectrum of boron created in nuclear col-
lisions in ISM [14], solid line represents the boron spectrum which
includes the contribution of SNRs.
the energy range 30 GeV < k < 3000 GeV the energy
dependence of the ratio p¯/p ∝ −0.25k is expected to be
very flat.
PAMELA data, which well agree with the calculation
[35] (see also [40]) , within the energy range 10 GeV <
k < 100 GeV provide the evidence that the actual ratio
p¯/p is indeed flatter than it is expected if antiprotons are
created in the ISM only.
In order to check the consistency of other types of
secondary CR production the boron-to-carbon (B/C)
and positron to electron plus positron (e+/(e+ + e−)) ra-
tios calculated within the same model and compared in
Fig. 3 and 4 respectively with the existing experimental
data [35].
Due to the boron production in SNRs the expected
B/C ratio undergoes considerable flattening which starts
at energy k ≈ 100 GeV/n. As one can see in Fig. 3 this
is consistent with the measurements recently performed
in RUNJOB balloon [44] and AMS-02 space [45] ex-
periments even though for more strict conclusion one
needs the measurements with higher statistics at ener-
gies above 1 TeV/n.
As it is seen in Fig. 4 that the expected ratio e+/(e+ +
e−) due to SNRs contribution very well corresponds
to the growing part of this ratio detected in PAMELA
[48], Fermi [49] and AMS-02 [50] experiments at en-
ergy k > 10 GeV. Quantitatively there is a good agree-
ment between calculation and AMS-02 data at energy
k > 30 GeV. Note, that the predicted overproduction of
Figure 4: Calculated positron to electron plus positron ratio as a func-
tion of kinetic energy together with the results of AMS-01 [46], HEAT
[47], PAMELA [48], Fermi [49] and AMS-02 [50] experiments. Dot-
ted [52] and dashed lines correspond to positrons produced in ISM
and inside SNRs. respectively; the solid line represents the sum of
contributions.
positrons at k < 20 GeV is due to the adopted model of
CR propagation inside the Galaxy [52].
The calculated SNR contribution to the secondary CR
spectra represents the component which is unavoidably
expected if SNRs are the main source of GCRs. Com-
parison with the existing data leads to the conclusion
that the observed high energy excess of secondary nu-
clei and positrons can be produced in Galactic SNRs.
This enables to expect a similar excess in the antipro-
ton energy spectrum. The data expected very soon
from AMS-02 experiment will make it clear whether
the actual ratio p¯/p is indeed not less flat at energies
k > 10 GeV than we predict.
5. Nonthermal emission of Galactic SNRs
Direct information about the high-energy CR popula-
tion in SNRs can be obtained from the observations of
the nonthermal emission produced by accelerated CRs
in SNRs. The electron CR component is evident in a
wide wave length range by the radiation that they pro-
duce in SNRs, from radio to γ-ray emission, whereas in
the case of the nuclear CR component a γ-ray detection
is the only possibility to find it. If this nuclear com-
ponent is strongly enhanced inside SNRs then through
inelastic nuclear collisions, leading to pion production
and subsequent decay, γ-rays will be produced at the
detectable level (e.g.[53, 10, 11]).
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There are a number of physical parameters, whose
values are needed to be known to describe the observed
properties of young SNRs. SN explosion energy Esn,
ejecta mass Mej, ISM number density NH directly deter-
mine the SNR dynamics, the observed size Rs and speed
of SN shock Vs. Therefore their values are mainly deter-
mined from the fit of Rs(t) and Vs(t) if the SNR age t and
the SNR distance d are known. At the same time there
are two other physical parameters which essentially in-
fluence the efficiency of the diffusive shock acceleration
and its final significance.
The first one is the proton injection rate η. There is
a good semi-quantitative understanding of the injection
rate of nuclear particles into the diffusive shock accel-
eration process. The actual value of η can be extracted
from the fit of the observed SNR synchrotron spectrum,
whose shape is sensitive to the shock modification due
to the CR backreaction that in turn strongly depends on
η.
The magnetic field strength is the second important
parameter. It determines the maximum energy of nu-
clear CRs which could be achieved during the SNR evo-
lution max ∝ B0. Radio observations of synchrotron
emission are powerful probes of magnetic fields and
electron distributions in SNRs. Electrons with a power-
law energy spectrum Ne() = Ae−γ produce the syn-
chrotron flux S ν ∝ AeB(γ+1)/2d ν−α with the spectral index
α = (γ − 1)/2. Here Bd ≈ σB0 is the downstream mag-
netic field strength, σ is the shock compression ratio. In
the test-particle limit power-law index γ = 2 and there-
fore α = 0.5. Values α > 0.5 observed in young SNRs
require concave electron spectrum (progressive harden-
ing to higher energies) with γ > 2 at  < 1 GeV, as
predicted by nonlinear shock acceleration models. The
required shock modification is produced by the proton
CR component. Therefore the fit of the spectral shape
of the radio emission makes it possible to determine the
actual proton injection rate η. In addition, since the syn-
chrotron emission at frequency ν are mainly produced
by electrons of energy ∝ √ν/Bd one needs not only ef-
ficient CR acceleration with subsequent shock modifi-
cation but also a high magnetic field Bd  10 µG in
the acceleration region in order to have α > 0.5 at radio
frequencies.
All energy of the electrons at high energies  > l ∝
B−2d , where synchrotron losses are significant, is rapidly
and completely transformed into the synchrotron emis-
sion independently on the magnetic field value. The
synchrotron flux in this X-ray range is determined by
the number of injected/accelerated electrons, or by the
amplitude Ae ∝ ηKep. Therefore the fit of X-ray syn-
chrotron spectrum at known proton injection rate gives
the estimate of electron to proton ratio Kep. At known
Ae synchrotron radio emission S ν ∝ B(γ+1)/2d ν−α depends
on the interior magnetic field value Bd. Therefore the fit
of radio emission provides the estimate of downstream
magnetic field strength Bd.
In addition, since for given synchrotron flux S ν re-
quired number of electrons is determined by the ampli-
tude Ae ∝ B−(γ+1)/2d , the relative role of electrons in high-
energy γ-ray production is expected to be low in young
SNRs where magnetic field is strongly amplified.
Recent observations with the Chandra and XMM-
Newton X-ray space telescopes have confirmed earlier
detections of nonthermal continuum emission in hard
X-rays from young shell-type SNRs. With Chandra it
became even possible to resolve spatial scales down to
the arcsec extension of individual dynamical structures
like shocks [19, 20, 21]. The filamentary hard X-ray
structure is the result of strong synchrotron losses of
the emitting multi-TeV electrons in amplified magnetic
fields downstream of the outer accelerating SNR shock
[22, 23, 25]. This provides an unique possibility for the
determination of the SNR magnetic field strength, based
on the measured filaments width [23]. These effective
magnetic fields turned out to be exactly the same as ex-
tracted from the fit of the overall synchrotron spectrum.
In oder to perform the detail comparison of theoret-
ical expectation with the experiment one needs suffi-
cient number of individual SNRs with known values of
relevant physical parameters such as the age, distance,
ISM density. Unfortunately the number of such SNRs
are very limited, especially those which are seen in all
wavelength from radio to γ-ray . It is why every new ex-
perimentally established property of nonthermal emis-
sion of SNR represents considerable interest for theo-
retical analysis. Here we analyze the properties of the
nonthermal emission from a number of young Galac-
tic SNRs, which are detected γ-ray sources, in order
to find evidence for efficient CR acceleration consistent
with GCR origin in SNRs.
5.1. Supernova remnant SN 1006
Historical remnant SN 1006 is the most appropriate
SNR for studying the properties of nonthermal emis-
sion: the distance d = 2.2 kpc was determined using
optical measurements with relatively high precision and
all other astronomical parameters are quite well known
(see [36] and reference there).
As a type Ia supernova SN 1006 presumably expands
into a uniform ISM, ejecting roughly a Chandrasekhar
mass Mej = 1.4M. The values of several scalar key
parameters (proton injection rate η, electron to pro-
ton ratio Kep and the interior magnetic field strength
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Bd) can be determined from a fit of the solutions that
contain these parameters to the observed spatially inte-
grated synchrotron emission data. The parameter val-
ues for SN 1006, evaluated in this way [37], agree very
well with the Chandra measurements of the X-ray syn-
chrotron filaments.
In order to explain the detailed γ-ray spectrum, the
values of the hydrodynamic supernova explosion energy
Esn = 2.4 × 1051 erg and Esn = 1.9 × 1051 erg are taken
to fit the observed shock size Rs = 9.5 ± 0.35 pc and
shock speed Vs = 4500±1300 km/s at the current epoch
tS N ≈ 103 yr for the ISM hydrogen number densities
NH = 0.08 cm−3 and NH = 0.05 cm−3, respectively.
These densities are consistent with the observed level
of the γ-ray emission. Note that the best fit value of the
upstream magnetic field strength B0 = 30 µG is almost
non-sensitive to NH.
Fig. 5 illustrates the consistency of the calculated syn-
chrotron and γ-ray spectra with the observed spatially
integrated spectra [36]. The H.E.S.S. data [56] for the
NE and SW limbs, respectively, have been multiplied by
a factor of 2, in order facilitate comparison with the full
deduced γ-ray flux. As can be seen from Fig. 5, the cal-
culated synchrotron spectrum fits the observations both
in the radio and the X-ray ranges very well. Note that
the radio spectral index value α = 0.57 is a clear indica-
tion of the modified SNR shock.
The only important parameter which can not be de-
termined from the analysis of the synchrotron emis-
sion data is the external gas number density NH: Fig. 5
shows that the spectrum of synchrotron emission is al-
most non-sensitive to the ambient gas density. Conse-
quently numerical solutions have been calculated for
the pair of values NH = 0.08 cm−3 (solid curve) and
NH = 0.05 cm−3 (dashed curve) which appear to bracket
the density range consistent with the H.E.S.S. γ-ray
measurements.
As a result the flux of TeV emission detected by
H.E.S.S. is predicted to be consistent with an ISM hy-
drogen number density NH ≈ 0.06 cm−3, consistent with
the expectation from X-ray measurements.
Above 10 GeV the theoretical spectral energy flux
can be approximated analytically as a slowly rising
power law with an exponential cutoff
dFγ/dγ ∝ −1.9γ exp (−γ/γm),
with cutoff energies γm = 30 TeV and 37 TeV for
NH = 0.05 cm−3 and NH = 0.08 cm−3, respectively.
These two analytical curves, representing the best fit to
the H.E.S.S. data, within 4%, respectively coincide with
the calculated curves presented in Fig. 5.
Figure 5: Spatially integrated spectral energy distribution of SN 1006.
The observed radio spectrum Allen et al. [54], Chandra [54] and
Suzaku [55] X-ray spectra together with γ-ray H.E.S.S. data [56] for
the NE region and the SW region are shown as well. Both these
H.E.S.S. data sets have been multiplied by a factor of 2, in order to
make them comparable to the global theoretical spectra (solid and
dashed curves). The Fermi upper limit of the GeV-emission is shown
as well [57].
The Fermi upper limit at GeV energies [57] is consis-
tent with such a hard γ-ray spectrum.
The cutoff energy value γm = 30 TeV is unexpect-
edly low since the overall proton power-law spectrum
extends up to a proton energy  = m ≈ 1015 eV
[37]. The reason is the progressive decrease of over-
lap between the radial gas density profile and the radial
profile of the proton distribution function at energies
 > 1014 eV. This leads to a lower cutoff of the γ-ray
spectrum γm  0.1m compared with what one would
expect in the simple case of energy-independent overlap
of CR protons with the gas distribution.
This spread of CRs into the upstream region r > Rs
which, for the highest energies  ∼ m(t), is faster than
the shock expansion Rs(t) and represents the diffusive
escape of CRs from the expanding SNR, as it was pre-
dicted [6]. Such a CR escape is expected in particular
in the Sedov phase when the maximal energy m(t) of
CRs, accelerated in the given evolutionary phase, de-
creases with time, because the value of m is shock-size
limited (see [26] for details) rather than time limited. At
any given phase t > t0 (where t0 is the sweep-up time)
efficient CR acceleration at the SN shock takes place
only for energies  ≤ m(t), whereas for CRs with ener-
gies m(t) <  < m(t0), produced during earlier times,
the acceleration process becomes inefficient and these
CRs expand into the upstream region. CR escape is rel-
atively slow if Bohm diffusion in the amplified magnetic
field B0 takes place everywhere upstream for any CR
energy. In reality this is expected to be true only for
CRs with energies  < m(t) in the vicinity of the shock,
where these CRs produce significant magnetic field am-
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plification. At large distances upstream of the shock,
r−Rs  0.1Rs, or/and for higher CR energies  > m(t),
CR diffusion should be much faster than Bohm diffu-
sion. Therefore, in actual SNRs CR escape is expected
to be faster and more intense than the present model pre-
dicts (see [58] for more detailed considerations). Since
SN 1006 is only at the very beginning of the Sedov
phase this underestimate of the magnitude of escape is
not very critical however.
The sum of all above results suggests the conclu-
sion that SN 1006 is a source with a high efficiency of
nuclear CR production, required for the GCR sources,
both in flux as well as in cutoff energy.
5.2. Tycho’s supernova remnant
The kinetic nonlinear model has been used in detail
to investigate Tycho’s SNR as the remnant of a type
Ia SN in a homogeneous ISM, in order to compare
the results with existing data [59]. It was argued that
consistency of the standard value of stellar ejecta mass
Mej = 1.4M and a total hydrodynamical explosion en-
ergy Esn = 1.2×1051 erg [60] with the gas dynamics, ac-
celeration theory and the existing γ-ray measurements
required the source distance d to exceed 3.3 kpc in or-
der to be consistent with the existing HEGRA upper
limit for TeV γ-ray emission. The corresponding am-
bient gas number density Ng = 1.4NH had then to be
lower than 0.4 cm−3. On the other hand, the rather low
distance estimates from independent measurements to-
gether with internal consistency arguments of the the-
oretical model made it even more likely that the ac-
tual γ-ray flux from Tycho is “only slightly’ below the
HEGRA upper limit. The strong magnetic field ampli-
fication produced by accelerated CRs implied a mean
field strength of ≈ 400 µG and as such implied in addi-
tion that the γ-ray flux is hadronically dominated. The
shock was modified with an overall compression ratio
σ ≈ 5.2 and a subshock compression ratio σs ≈ 3.6;
the latter is consistent with the observed radio index
α ≈ 0.61 [61].
The TeV γ-ray emission from Tycho detected by
VERITAS [62] corresponds very well to the above ex-
pectation. As can be seen from Fig.6 a new γ-ray
spectrum calculated within the kinetic nonlinear theory
(shown by the dashed line) is well consistent with the
VERITAS measurements. For the proton injection rate
η = 3 × 10−4 this is still compatible with the above-
mentioned shock modification and softening of the ob-
served radio synchrotron emission spectrum. The new
distance d = 3.8 kpc and the corresponding new ambi-
ent ISM number density Ng = 0.25 cm−3 were taken in
order to fit the observed TeV γ-ray emission.
Figure 6: Spatially integrated spectral energy distributions of Tycho’s
SNR, calculated for a source distance d = 3.8 pc. The observed radio
emission [61], X-ray [63] and γ-ray emission data obtained by Fermi
[64] and VERITAS [62] are shown as well. Dashed and solid lines
represent the contribution of the warm-phase ISM and the total γ-ray
energy spectrum that includes the contribution of the clouds (see main
text), respectively.
However the γ-ray spectrum measured by the Fermi
LAT at energies 400 MeV to 100 GeV [64] is consid-
erably (by a factor 2 to 5) above the value predicted by
the kinetic theory (see Fig.6). This excess of GeV γ-ray
emission, when compared with the theoretical predic-
tions, requires a more detailed consideration of this ob-
ject and its environment, taking into account new phys-
ical factors which had been hitherto neglected.
The physics aspect which is not included in the spher-
ically symmetric model is an essential inhomogeneity of
the ambient ISM on spatial scales that are smaller than
the SNR radius. It is rather an inherent nonuniformity of
the average ISM on account of (i) the interplay between
its radiative heating by the diffuse galactic UV field and
the radiative cooling of the gas and/or (ii) the stochas-
tic agitation of the ISM by the mechanical energy input
from supernova explosions occurring in the galactic en-
vironment. The first effect is a thermal instability and
thus a mechanism for small-scale cloud formation in the
ISM driven by runaway radiative cooling [65]. Specifi-
cally the balance between line-emission cooling and gas
heating due to the ultraviolet background radiation leads
to two thermally stable equilibrium ISM phases [66].
One of them is the so-called warm interstellar medium
with a typical gas number density Ng1 ∼ 0.1 cm−3 and
temperature T1 ≈ 8000 K, the other one a cold neu-
tral medium with Ng2 ∼ 10 cm−3 and T2 ≈ 100 K.
According to simulations the scale of dense clouds is
typically lc = 0.1 pc (e.g. [67]). Therefore the typical
ISM should be treated as two-phase medium composed
of uniform warm ISM (phase I) and small-scale dense
clouds (phase II) embedded in the warm ISM.
In order to determine the specific properties of the
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CRs and their nonthermal emission in the case of a
two-phase ISM the latter was approximated in a simple
form, as a uniform warm phase with gas number den-
sity Ng1 plus an ensemble of small-scale dense clouds
with gas number density Ng2 [68]. The warm diluted
ISM phase is assumed to have a volume filling factor
F1 ≈ 1, whereas the clouds occupy a relatively small
fraction of space with filling factor F2  1. It is in ad-
dition assumed that most of the gas mass is contained
in the warm phase, which means that F1Ng1  F2Ng2.
Due to this fact the SN shock propagates in the two-
phase ISM without essential changes compared with the
case of a purely homogeneous ISM with number density
Ng1. Therefore it produces inside the phase I of the ISM
roughly the same amount of CRs and nonthermal emis-
sion as in the case of a homogeneous ISM. Then one has
to estimate the additional contribution of the clouds in
order to determine the overall spectrum of CRs. Using
the scaling laws for the spectrum amplitude and cutoff
energy of shock accelerated CRs one can easily estimate
the values of relevant parameters of γ-ray emission cre-
ated in shocked clumps (amplitude and shape of γ-ray
spectrum and its cutoff energy) and determine the γ-ray
flux Fγ2(γ) from the clumps.
The total γ-ray flux Fγ = Fγ1 + Fγ2, expected from
Tycho’s SNR for a two-phase ISM is shown in Fig.6
[68]. One can see that it fits the existing data in a satis-
factory way. The considerable increase (by a factor of
5) of the γ-ray emission at energies γ < 100 GeV ex-
pected in the case of a purely homogeneous ISM is due
to the contribution of clumps which contain only 10%
of the ISM mass.
One can conclude that the observed properties of Ty-
cho’s SNR are consistent with the efficient nuclear CR
production even though this scenario requires the confir-
mation that Tycho’s SNR indeed expands into a clumpy
ISM.
5.3. Supernova remnant RX J1713-3946
RX J1713-3946 is a shell-type supernova remnant
(SNR), located in the Galactic plane, that was discov-
ered in X-rays with ROSAT [69]. The study of this SNR
with the ASCA satellite [70, 71] have shown that the
observable X-ray emission is entirely non-thermal, and
this property was confirmed in later XMM observations
[72]. The radio emission of this SNR is weak: only part
of the shell could be detected in radio synchrotron emis-
sion up to now, with a poorly known spectral form [73].
RX J1713-3946 was also detected in very high energy
γ-rays with the CANGAROO [74, 75] and H.E.S.S.
[78] telescopes. Especially the latter observations show
a clear shell structure at TeV energies which correlates
well with the ASCA contours.
The difficulty for the theoretical description is the fact
that several key parameters of this source are either not
known or poorly constrained. This already concerns the
distance and age of the object. It was demonstrated that
consistent description of this object is achieved [79] fol-
lowing present consensus which puts the distance at 1
kpc, the age to about 1600 years and that the primary
explosion must have been a type II/Ib SN event with
a massive progenitor star whose mass loss in the main
sequence phase created a hot wind bubble in a high-
density environment. The solution for the overall rem-
nant dynamics then yields the value for the expansion
velocity of the outer shock, given the total mechanical
energy Esn = 1.8×1051 erg released in the explosion. To
obtain a consistent solution for the broadband nonther-
mal emission the injection rate η = 3×10−4 and interior
magnetic field Bd ≈ 130 µG are needed. Note that since
the value of radio spectral index α is not determined the
estimated proton injection rate is not as reliable as in the
case of SN 1006 or Tycho’s SNR.
The properties of small scale structures of SNR
RX J1713.7-3946 seen in X-rays [80], provide even
stronger evidence that the magnetic field inside the SNR
is indeed considerably amplified.
The calculated overall broadband spectral energy dis-
tribution [81] is displayed in Fig.7, together with the
experimental data from ATCA at radio wavelengths, as
estimated for the full remnant by Aharonian et al. [78],
the X-ray data from ASCA, GeV γ-ray spectrum from
Fermi [82] and the TeV γ-ray spectra from H.E.S.S.
[77]. The overall fit of the existing data except Fermi
data, which appeared later on (see below), is impres-
sive, noting that the choice of a few key parameters like
η, Bd, Esn in the theory allows a spectrum determination
over more than 19 decades.
The same observed spectrum can also be compared
with a theoretical spectrum (Fig.7) in which a very low
ion injection rate (η = 10−5) and a rather low down-
stream magnetic field strength of 20 µG was assumed.
This corresponds to a dominantly leptonic γ-ray test
particle spectrum without field amplification. The IC-
scattered diffuse radiation field is the CMB without any
additions. The electron injection strength was fitted
such that an optimum fit with the observations in the
radio and X-ray ranges is achieved, cf. Fig.7. We note
that the form of the X-ray spectrum is only very poorly
fitted in this leptonic scenario, since otherwise the radio
data can not simultaneously be fitted. Also the γ-ray
spectrum has a maximum which is much too sharp in
comparison with the observed H.E.S.S. spectrum. At γ-
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Figure 7: Spatially integrated spectral energy distribution of
RX J1713.7-3946 [81]. The ATCA radio data [cf. 91], ASCA X-ray
data [cf. 78], Fermi [82] and H.E.S.S. [77] γ-ray data are shown as
well. The solid and dashed curves at energies above 107 eV corre-
spond to pi0-decay and inverse Compton (IC) γ-ray emission, respec-
tively. The dotted line corresponds to the test particle limit which
implies insignificant proton acceleration and magnetic field amplifi-
cation.
ray energies of 1 GeV the spectral energy flux density is
a factor of about 30 below the value in the hadronic sce-
nario. Therefore it was expected that the measurements
of GeV-emission would provide the clear discrimina-
tion between these two scenarios. However the recently
appeared Fermi measurements of the RX J1713.7-3946
spectrum at energies 1-100 GeV [82] have not provided
the clear resolution of this problem. As it is seen in Fig.7
Fermi data are situated almost in the middle between the
predictions of leptonic and hadronic scenarios. While
the hard measured spectrum at GeV energies is inter-
preted by the Fermi collaboration [82] and in some the-
oretical considerations [83, 84] as a strong argument in
favor of a leptonic scenario the origin of γ-ray emission
of RX J1713.7-3946 is still debated.
It was suggested, that the interpretation of the γ-ray
observed emission of RX J1713.7-3946 changes dra-
matically, if the SNR expands in a clumpy medium
[83, 85, 86]. This is indeed expected if the SNR pro-
genitor is a massive star in a molecular cloud. The
dense clumps remain unshocked inside SNR if their
density considerably (by a factor of about 105) exceeds
the density (Ng ∼ 10−2 cm−3) of surrounding warm
medium [85]. CRs accelerated at the SN shock in the di-
luted medium penetrate the clumps and efficiently pro-
duce there γ-ray emission. Since CR diffusion coef-
ficient is increasing function of energy, higher energy
CRs penetrate more efficiently. Therefore CR energy
spectrum inside the clumps and corresponding spectrum
of hadronic γ-ray emission are expected to be much
harder compared with the case of uniform medium. If
the clumps contain the dominant fraction of the mass in
the SNR hadronic γ-ray emission can explain the hard
Fermi spectrum [85, 86].
The described scenario happens under the assumption
that every clump is surrounded by the transition layer
containing magnetic field which strength is highly en-
hanced (up to ∼ 100 µG) compared with its value in the
surrounded medium. Such a layer considerably reduce
CR diffusion inside the clump so that only CRs with
energy above 1 TeV are able to penetrate the clump.
According to the results of MHD simulation [85] this
indeed can happen in the downstream region where
plasma flow speed shear produces magnetic field am-
plification around the clump surface. However such an
effect is expected to be much weaker upstream, within
the shock precursor region and downstream during the
initial time period ∆t ≈ 0.1t (here t is the SNR age)
when magnetic field is not yet amplified considerably
[85]. If the clumps in these regions are not surrounded
by the boundary layers, CRs more efficiently penetrate
the clumps compared to the simple estimates [86]. Then
the γ-ray energy spectrum produced by these CRs is
expected to be less harder as compared with estimates
[85, 86].
We can conclude that further computational and ob-
servational efforts are needed in order to determine the
nature of γ-ray emission of RX J1713.7-3946 .
5.4. Supernova remnant VelaJr.(RX J0852.0-4622)
VelaJr.(or RX J0852.0-4622) is a shell-type SNR with
a diameter of 2◦, located in the Galactic plane. The SNR
was originally discovered in X-rays with the ROSAT
satellite [87]. In projection along the line of sight, RX
J0852.0-4622 lies entirely within the still much larger
Vela SNR and is only visible in hard X-rays, where the
thermal radiation from the Vela SNR is no longer domi-
nant. While non-thermal emission from the shell of RX
J0852.0-4622 has been confirmed by several X-ray ob-
servatories [88, 89], a detection of thermal X-ray emis-
sion from the shell or the interior is not well established
because of the confusion with the Vela SNR.
The radio emission of RX J0852.0-4622 is weak. In
fact the SNR radio shell was only identified after its dis-
covery in X-rays. The radio spectrum of RX J0852.0-
4622 is therefore not well determined. Only for the
northeastern rim a spectral index can be derived with
moderate accuracy [90].
The shell of RX J0852.0-4622 was also detected in
very high energy (VHE) γ-rays by the H.E.S.S. collab-
oration [91, 92], with a γ-ray flux as large as that from
the Crab Nebula.
Vela Jr. represents the SNR which is very similar to
RX J1713.7-3946 . The difficulty for the theoretical de-
E.G. Berezhko / Nuclear Physics B Proceedings Supplement 00 (2018) 1–13 11
Figure 8: Calculated broadband spectral energy densities of RX
J0852.0-4622 as functions of photon energy γ. Radio [90] and X-ray
synchrotron fluxes from ASCA [88], ROSAT [87, 92] measurements
together with H.E.S.S. [92] and Fermi [93] γ-ray data are shown as
well.
scription is the fact that key parameters of this source
(distance, age, radio emission spectrum) are either not
known or poorly constrained.
The present-day parameters d = 1 kpc, Esn = 2 ×
1051 ers, t = 3930 yr, Bd = 106 µG, η = 3 × 10−4
and Kep ≈ 2 × 10−4, estimated from the overall fit of
the observed nonthermal emission, lead to good agree-
ment between the calculated and the measured spectral
energy distribution of the synchrotron emission in the
radio to X-ray ranges at the present time (Fig. 8) [94].
The steepening of the electron spectrum at high energies
due to synchrotron losses and the smooth cutoff of the
overall electron spectrum together naturally yield a fit to
the X-ray data with their soft spectrum. Such a smooth
spectral behavior is achieved in an assumed upstream
field 20 µG (which leads to the above downstream field
Bd).
Fig. 8 also shows the calculated γ-ray spectral energy
distributions due to pi0-decay, IC emission, and nonther-
mal Bremsstrahlung, together with the existing experi-
mental data.
According to the calculation, the hadronic γ-ray pro-
duction exceeds the electron contribution by more than
two orders of magnitude at all energies. For ener-
gies γ = 1 − 10 TeV the γ-ray spectrum is expected
to be close to dFγ/dγ ∝ −2γ , whereas starting from
γ ≈ 10 TeV it has a smooth extended cutoff despite the
comparatively much sharper cutoff of the proton energy
spectrum. It is clearly seen from Fig.8 that the calcu-
lated spectrum fits the H.E.S.S. measurements in a sat-
isfactory way.
The predicted γ-ray emission [94] at GeV-energies
was very well confirmed by the Fermi measurements
[93]. This leads to the conclusion that RX J0852.0-4622
represents a hadronically dominated source of γ-rays
and typical source of GCRs. However other considera-
tions of this remnant argued that the gas density required
by hadronic models would imply an intense X-ray line
emission, which is not observed [95]. It is not clear at
the moment whether this problem could be eliminated
by the adjustment of poorly constrained key parameters
of RX J0852.0-4622 within the hadronic model, which
is so well consistent with observation. Further observa-
tional and theoretical studies are needed to obtain better
estimates of relevant astronomical SNR parameters and
to obtain more justified conclusions about the origin of
γ-ray emission.
5.5. Diffuse Galactic gamma-ray background radiation
Since the source cosmic rays (SCRs) which are still
confined inside all existing active SNRs have much
more hard spectrum compared with GCRs, SCRs in-
evitably make a strong contribution to the “diffuse” γ-
ray flux from the Galactic disk at all energies above a
few GeV, if the population of SNRs is the main source
of the GCRs. According to estimates [96], the SCR con-
tribution becomes significant at energies greater than
100 GeV.
The diffuse Galactic γ-ray emission (DGE) from the
full sky has recently been analyzed and compared with
the observations with the Fermi-LAT for high energies
200 MeV ≤ γ ≤ 100 GeV [97]. The DGE had been
modeled using the GALPROP code (e.g. [98]). These
phenomenological models were constrained to repro-
duce directly measured GCR data and were then used
to calculate the DGE. To construct a model for the ex-
pected total γ-ray emission, the γ-ray emission from
the resolved point sources together with the residual in-
strumental γ-ray background and the extragalactic dif-
fuse γ-ray background – both assumed to be isotropic –
were added to the DGE model. In the inner Galaxy, the
emission of the resolved sources apparently reaches a
fraction of ∼ 50 percent of the expected overall spectral
energy flux density at γ ≈ 100 GeV [97].
In the Galactic Plane these models systematically un-
derpredict the data above a few GeV, and they do so
increasingly above about 10 GeV until 100 GeV [97].
In the present paper this difference between data and
model will be called the ”Fermi-LAT Galactic Plane
Surplus” (FL-GPS). It is most pronounced in the inner
Galaxy. According to Ackermann et al. [97], it can how-
ever also be seen in the outer Galaxy, with even a small
excess at intermediate latitudes.
The modern gamma-ray instruments are able to de-
tect individual SNR situated at relatively small distance
d <∼ 1 kpc. Therefore most of the existing Galactic SNRs
can not be resolved and contribute in DGE only. In Fig.9
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Figure 9: The diffuse γ-ray spectrum of the low latitude inner Galaxy
(−80◦ < l < 80◦, |b| ≤ 8◦). The expected pi0-decay γ-ray component
IpiGCR created by truly diffuse GCRs in the Galactic Disk is shown by
the dash-dotted line. The total expected emission Itot (= modeled dif-
fuse Galactic emission IDGE plus detected sources and isotropic back-
grounds) up to γ = 100 GeV [97] corresponds to the dashed line.
This Itot is extrapolated beyond 100 GeV by a power law with an
assumed cutoff in Itot − IpiGCR. The solid line represent the total ex-
pected emission including the contribution of SCRs confined inside
unresolved SNRs. The Fermi-LAT [97], ARGO-YBJ [103], Milagro
[102] data and Wipple [100, 105], HEGRA [104] and Tibet [101] up-
per limits are shown as well.
a calculated γ-ray spectrum Iγ = Itot + ISCR of the low
latitude inner Galaxy (−80◦ < l < 80◦, |b| ≤ 8◦) is pre-
sented [99]. Besides the overall emission model Itot it
includes the contribution ISCR of SCRs confined within
unresolved SNRs.
As shown in Fig.9, the discrepancy between the ob-
served “diffuse” intensity and standard model predic-
tions at energies above a few GeV [97] can be attributed
to the SCR contribution alone up to ∼ 100 GeV.
As one can see further from Fig.9, the expected γ-
ray flux at γ = 1 TeV is consistent with the HEGRA
upper limit, the Whipple upper limits [100], the Tibet-
AS upper limits [101], and with the fluxes measured
by the Milagro detector [102] at γ = 15 TeV, as well
as with those obtained with the ARGO-YBJ detector
[103] in the TeV range, taken at face value. Unfortu-
nately, existing measurements do not coincide well in
their longitude (l) / latitude (b) coverage with the cor-
responding ranges for it Fermi-LAT that correspond to
−80◦ < l < +80◦ / −8◦ < b < +8◦. For this reason the
following comparisons must be taken with reservations.
These considerations demonstrate that the SCRs in-
evitably make a strong contribution to the “diffuse” γ-
ray flux from the Galactic disk at all energies above a
few GeV, if the population of shell-type SNRs is the
main source of the GCRs. This explains the Fermi-
LAT Galactic Plane Surplus. The quantitative esti-
mates show in addition that the SCR contribution dom-
inates over the extrapolated Fermi-LAT model for the
total diffuse emission - which includes detected sources
and isotropic Backgrounds - at energies greater than
100 GeV due to its substantially harder spectrum. The
diffuse emission measured by Milagro at 15 TeV and by
ARGO-YBJ at TeV energies provide limited evidence
for that.
6. Conclusions
The proton GCR energy spectrum measured in ATIC-
2, AMS 02, PAMELA and KASKADE experiments is
generally consistent with its origin in Galactic SNRs. It
has a slightly concave shape and extends up to a maxi-
mal energy max ≈ 2×1015 eV as expected from nonlin-
ear theory of CR acceleration in SNRs.
ATIC-2 data alone clearly show that at energies
30 GeV – 30 TeV Helium energy spectrum is essentially
harder then the proton spectrum. Considering ATIC-2
data together with PAMELA and AMS 02 data it is al-
ready not so obvious that Helium energy spectrum is
indeed so much harder at energies above 100 GeV.
SNR contribution into the secondary CR spectra and
into the diffuse γ-ray background represents the hard
component which is unavoidably expected if SNRs
are the main source of GCRs. Comparison of the
data, obtained in RUNJOB, Fermi, PAMELA and AMS
02 experiments, with theoretical expectations leads
to a conclusion that the observed high energy ex-
cess of positrons, secondary nuclei and diffuse γ-ray
background can be produced in Galactic SNRs. This
enable to expect similar excess in the antiproton energy
spectrum. The data expected very soon from AMS-02
experiment will make it clear whether the actual ratio
p¯/p is indeed not less flat at energies k > 10 GeV then
it is expected due to SNRs contribution.
Existing SNR emission data provide the evidences
for the efficient CR production in SNRs accompanied
by significant magnetic field amplification. At the
same time the situation here is not completely clear
yet: together with the cases of SN 1006 and Tycho’s
SNR which observed properties well correspond to the
theoretical expectations, there are other young SNRs
RX J1713.7-3946 and VelaJr.(RX J0852.0-4622) for
which the nature of the detected γ-ray emission is dif-
ficult to determine mainly because some key SNR pa-
rameters are not known or poorly constrained.
The further progress in our understanding of CR ori-
gin will be achieved due to the new measurements of
GCR spectra and SNR emission spectra performed with
essentially more sensitive instruments.
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